ABSTRACT OBJECTIVES: Although individuals living in areas with lower household income have been shown to have higher rates of mortality from colorectal cancer (CRC), findings on the effect of income on CRC incidence in countries with universal health care have been inconsistent. There are limited data from Canada. We investigated the geographic variation and factors associated with CRC incidence in Manitoba, a central Canadian province.
C olorectal cancer (CRC) remains one of the most common causes of cancer-related morbidity and mortality in North America. 1 The incidence of CRC has been decreasing in the United States (US) since the 1990s and in Canada since the early 2000s. 1, 2 However, the reduction in CRC-induced morbidity and mortality has not been uniform among all groups. In the US, there has been lower CRC mortality reduction among individuals in lower income groups. 3 Higher CRC incidence among individuals living in areas of lower socio-economic status (SES) has also been reported in the US. 4 Many of the health care disparities observed there have often been attributed to the lack of access to universal health care. The framework of fundamental social causes ("resources that can be used to avoid risks or to minimize the consequences of disease once it occurs" 5 including "money, knowledge, status and availability of social support" 3 ) predicts that when a new resource becomes available (e.g., screening for cancer), it will be more readily accessed by people who already have resources, leading to earlier and more rapid reduction in disease incidence and mortality in that group. This framework may be used to understand and predict gaps and disparities in health outcomes. It is important to determine whether Canadian provinces are able to minimize such expected disparities.
In addition, in order to target efforts to decrease CRC morbidity and mortality, it is important to determine the groups with the worst CRC outcomes. There are limited data on variation (or lack of it) in CRC outcomes among different socio-economic groups in Canada and no published data on spatial variation of CRC incidence by neighbourhood of residence. Studies on the association of SES and CRC incidence have been limited to those from Ontario between the mid-1980s and mid-1990s. 6, 7 Canada is a country with a universal health care plan in each province and population-based CRC screening programs in most provinces, which should lead to lower disparities. However, we recently reported an increase in CRC mortality among individuals residing in lower income areas in Manitoba, one of the central Canadian provinces. 8 This could be due to biological differences in CRC, environmental differences (e.g., diet), delayed diagnosis of CRC or worsening survival after CRC diagnosis (due to inadequate treatment or response to treatment), or multiple factors. The implications for public health are vastly different for delayed diagnosis, biological differences, and worsening survival.
In the current study, we assessed the geographic variation in CRC incidence and the area of residence characteristics associated with CRC incidence in a universal health care system. In particular, we were interested to determine the variation of CRC incidence by average household income in area of residence. The overall objective was to inform the targeted efforts to reduce CRC burden. 10 For the current study, CRC cases diagnosed between 1985 and 2012 were identified from the MCR using ICD-9-CM codes 153.0-154.1 and 159.0 (for cases diagnosed before 2002) and ICD-10-CA codes C18.0-C18.9, C19, C20, and C26.0 (from 2002 onwards). Cancers occurring in and proximal to the splenic flexure were categorized as proximal CRCs and those distal to the splenic flexure as distal CRCs. Each CRC case was geocoded to the 498 small geographic areas (SGAs) in Manitoba using a combination of the six digit postal code and the municipal code of residence at the time of CRC diagnosis. These 498 SGAs were the geographic units used in the analyses.
METHODS

Data sources and study measures
The population counts in each of the neighborhoods on July 1 of each year were determined from the MH Population Registry. The characteristics (mean annual household income, proportion of recent immigrants [percentage of the population reporting in 2001 that they immigrated to Manitoba from outside Canada since 1961], proportion with visible minority status, and unemployment status) of the 498 SGAs were determined from the 2001 Statistics Canada Census data. Unemployment rate was defined as the percentage of the population who were unemployed and eligible for labour force participation (persons actively looking for work aged 15 and older). All areas located within Winnipeg, which is the only city in Manitoba with a population >50 000, were considered urban.
Statistical analysis
Spatial variation in CRC incidence across Manitoba was calculated for the years 1985-2012 using age-and sex-standardized rates in the 498 SGAs. To control for potentially unstable rate estimates resulting from small case counts in areas with small populations, rate estimates were smoothed using Bayesian spatial Poisson hierarchical models, which incorporated two random variables indicating geographic variation and any other unspecified variation across study areas.
11 Using hierarchical models, the incidence rate in each area was smoothed by pooling information from the neighbouring areas to generate stable rate estimates. 12 Details of the Bayesian models used in this analysis are discussed elsewhere. 11 The deviance information criterion was used for model selection. ArcGIS version 10.3 (Environmental Systems Research Institute, US) was used to produce choropleth maps of rates.
Bayesian Poisson regression models were developed to ascertain the association between the characteristics of the SGAs and CRC incidence. The CRC incidence rates were standardized by age and sex to the 2001 Canadian population before being incorporated into the models. All models were fitted to area-level data. Age was divided into eight categories (0-49, 50-59, 60-64, 65-69, 70-74, 75-79, 80-84, and 85+). Other potential explanatory variables (average annual income, percentage of recent immigrants, percentage visible minority, unemployment rate) were categorized using Jenks natural breaks classification method, which attempts to find natural break points in the data when identifying category cut-offs. 13 Age-and sex-adjusted models were first developed to determine the association with each factor individually, and then a fully adjusted/saturated model containing multiple factors to determine the independent associations was developed. Unemployment rate was not included in the saturated model as it was likely associated with income level. 14,15 Hence, the effect of behavioural and lifestyle risk factors may vary by the subsite of CRC. Several studies suggest that all commonly used CRC screening tests are less effective in reducing proximal CRC incidence, [16] [17] [18] [19] and therefore variation in CRC incidence due to differences in CRC screening rates are more likely to affect distal CRC incidence. The modelling results are based on posterior probability and presented as incidence rate ratios (IRR) and corresponding 95% credible intervals (CI, equivalent to confidence intervals in nonBayesian analyses). The WinBUGS software package (MRC Biostatistics Unit, Institute of Public Health, United Kingdom) was used for all Bayesian analyses. As expected, individuals older than 85 had the highest overall CRC incidence, and men had higher rates than women (Table 1) . Figure 1 depicts the choropleth map of age-sex-standardized CRC incidence rates (adjusted for all the factors in the saturated model), which ranged from 10.6 to 1026 (per 100 000) in 1985 to 2012. Higher CRC incidence rates were observed in the northern part of the province, some SGAs in the southern part of the province, and Winnipeg. The choropleth maps for three time periods (1985-1993; 1994-2003; 2004-2012 ) demonstrated consistent patterns: a reduction in overall CRC incidence over time in Manitoba but increasing rates in the northern part of the province and a very few SGAs with the highest CRC incidence (data not shown). Similar patterns were observed in the choropleth maps of age-sexstandardized CRC incidence rates without adjustment of other factors (data not shown).
In the age-sex-standardized regression models for CRC incidence from 1985 to 2012, the overall incidence rates of proximal colon and distal colon CRC among those living in the SGAs with the highest proportions of immigrants or visible minorities were approximately 20%-30% lower than among those residing in the SGAs with the lowest proportions of immigrants or visible minorities, although the IRR for all CRC among SGAs with the highest proportion of recent immigrants was marginally statistically non-significant (upper 95% CI reached 1.0) ( Table 2 ). There was no relationship with income level, urban/rural residence, or unemployment rates.
In the saturated model (Table 3) , individuals living in urban areas had a lower CRC incidence, while those residing in SGAs with 6% to <19% of visible minorities had higher CRC incidence, particular for proximal CRC. There were no significant associations with any other factors. The analysis stratified for the different time periods did not suggest any temporal patterns (Table 3 ).
In the analysis stratified for CRC stage at diagnosis, individuals residing in SGAs with 9% to <20% of recent immigrants had a higher incidence of early stage (stage I and II) distal CRCs. There were no other significant associations with CRC stage at diagnosis (Table 4) .
DISCUSSION
In this population-based study from a province with universal health care, we report no effect of the average income level of the SGA of residence on CRC incidence; lower overall CRC incidence in urban areas; increasing incidence in the northern part of the province; and a very few SGAs (in southwest rural Manitoba) with persistent high CRC incidence.
We had previously reported increasing CRC mortality among those living in lower income areas in Manitoba. 8 Our current study suggests that delayed/late stage diagnosis is likely not a major contributor to such differences in Manitoba. We have also reported lower CRC screening rates in areas with lower mean household income in Winnipeg. 20 The current analysis suggests that lower screening rates (approximately 16% difference in 2012 between those living in highest vs. lowest income areas) alone may not be responsible for the differences in CRC mortality demonstrated previously. It is indeed reassuring that there are no disparities by income in CRC incidence (and limited variation in most of the SGAs) in our universal health care system. This may be due to the * Adjusted for only age and sex. † Incidence rate ratio (95% credible interval).
CRC INCIDENCE BY SGAS OF RESIDENCE IN MANITOBA
public health campaigns, which have also led to the highest CRC screening rates in Canada. 21 The nature of Manitoba's universal health care plan (no premiums, comprehensive coverage of all residents irrespective of their age or SES, and continuous efforts to reduce potential SES disparities in access to health care services across the province) may also be contributing to the lack of CRC incidence variability by income. Our results are in contrast to the higher CRC incidence consistently reported among individuals living in lower SES areas in the US. 4, 22 Prior studies from Ontario, Canada, reported a small increase in CRC incidence among the lower SES groups between the mid-1980s and the mid-1990s (men: 10%-25%; women: 0%-15%). 6, 7 The data from Europe have been inconsistent. 22, 23 Differences in health care systems, public health campaigns, unique social and lifestyle risk factors (for example, smoking rates), and ethnic variations could be contributing to these differences. We have identified a few SGAs with persistent higher CRC incidence, which could be one of the foci of the provincial screening and cancer prevention programs. One of the important implications of our work is that analyses similar to ours should be performed in other jurisdictions to direct their public health efforts to improve CRC outcomes.
The increasing CRC incidence in the northern parts of the province, which have a much higher proportion of First Nations people, is compatible with other reports of increasing CRC incidence among First Nations people. 24 The reasons for this change in CRC epidemiology is likely multifactorial, including changing lifestyles, increasing prevalence of CRC risk factors (such as smoking and obesity), and lower CRC screening rates in First Nation communities. 25, 26 In multivariable analysis, we are reporting higher CRC incidence in rural areas, which suggests that these areas should be one of the foci of CRC reduction initiatives in Manitoba. Whether the overall lower incidence in urban areas is due to differences in CRC screening rates, lifestyle, or behavioural risk factors should be assessed in future studies. Table 3 .
Multivariate (saturated) Bayesian Poisson regression analysis of colorectal cancer (CRC) incidence in Manitoba by time period of colorectal cancer diagnosis
In age-and sex-adjusted analysis, the SGAs with the highest proportion of recent immigrants and visible minorities had lower CRC incidence; however, since there was no difference in the multivariable analysis adjusted for income and urban/rural residence, these SGAs need similar attention. In the multivariable analysis, SGAs with an intermediate proportion of recent immigrants had higher incidence of early stage distal CRC. Similarly, there was increased CRC incidence, in particular proximal CRC, among SGAs with an intermediate proportion of visible minorities. However, these effects were not seen for the SGAs with the highest proportion of recent immigrants or visible minorities. Hence these findings in stratified analysis may be a chance finding and need further evaluation in additional studies. It is also possible the populations in SGAs with intermediate proportions of immigrants and/or visible minorities may be different from those in the SGAs with the highest proportion of immigrants/visible minorities. Certain ethnicities, such as African Americans, have been reported to have a higher proportion of proximal CRC and Asians/Pacific Islanders a higher proportion of distal CRC. 27, 28 There are several strengths and limitations of our study. This is a population-based study and therefore is not subject to selection bias. We studied and stratified for colonic site of CRC, stage of CRC and time periods, and found mostly consistent results. However, we report an ecological analysis, and hence our results should be interpreted in the context of area of residence, although prior studies from the province have reported a strong correlation between area level incomes and self-reported household incomes. 29 We used the data from a single census year (2001) to determine the characteristics of SGAs. However, characteristics such as relative average neighbourhood income have not changed over time.
In conclusion, our study suggests that universal health care combined with public health education initiatives seem to be helping eliminate disparities in CRC incidence by income levelan important and reassuring finding. Analysis similar to ours should be performed in other jurisdictions to identify SGAs and SGA characteristics with the highest CRC incidence in order to develop targets for enhanced CRC prevention and control activities.
